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Preliminary and Short Report
STRENGTH OF FINGERNAILS*
RICHARD W. YOUNG, SANFORD B. NEWMAN AND RUSSELL J. CAPOTT
Recent attempts to evaluate the effect of diet
on the growth and structure of fingernails have
been impeded by the lack of rational methods for
characterizing the physical properties of individual
nails. The small size of the specimen, even under
optimum conditions, is a serious limitation in
choosing a method. As a result, little, if any, data
on the strength of fingernails apear to have been
reported. Studies by Tyson (1) and Rosenberg
et al (2) were based on visual or qualitative as-
sessments of nail condition. Michaelson and Hunts-
man (3) employed the change in indentation
hardness as measured with the Knoop Indenter
(4) in evaluating the effect of gelatin on finger-
nails. They concluded that one month of a gelatin
regimen resulted in a significant increase in the
hardness of most of the nails in a majority of
their subjects. Unfortunately, these physical meas-
urements fail to yield values or ranges of values
for the physical properties of fingernails.
After considering available testing methods and
instrumentation, it was concluded that flexural
tests of fingernails would provide the maximum
information in the most direct manner. This
paper presents the methods and results of a pre-
liminary investigation.
METIIOD
Fingernail clippings were collected from seven
individuals varying in age from twenty-one to
fifty-seven years. All subjects were members of
the laboratory staff and were apparently in good
health.
Specimens of rectangular cross section were pro-
duced by gently sanding the edges of the clippings
with fine emery paper. Any specimens exhibiting
gross structural defects were discarded. Dimen-
sional measurements were made using a machinist's
micrometer.
The fingernails were tested as simply supported
beams of rectangular cross section on a span of
0.330 centimeter. All of the data presented was
from tests of beams loaded with the outer surface
of the nail in tension. Results of tests performed
with the inner surface in tension showed little
significant difference.
An inertialess testing machine with a strain-gage
type dynamometer was used for loading the speci-
men. The full scale loading range was 2 kilograms
or less and the speed of the moving head was 0.05
centimeter per minute. Load was applied through
a bar having a radius of 0.013 centimeter.
RESULTS
Figure 1 is a diagrammatic representation of the
specimen undergoing test.
A typical load-deflection curve from a finger-
nail specimen tested in flexure is shown in figure
2. From the data in these curves the maximum
elastic stress (SF) was computed using the well
known engineering formula:
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where
P maximum load, in grams, sustained by
the beam before the load-deflection
curve departs from linearity;
L = span, in centimeters
b = width of beam, in centimetersd = thickness of the beam, in centimeters
Maximum strain (r) can also be calculated from:
6 Dd (2)
where D is the maximum deflection at the span
center in centimeters before the load-deflection
curve departs from linearity.
Other constants may be obtained but these
appear to be of most interest.
The results are given in Table I.
In general, the two specimens were taken at
the same time and all were brought to equilibrium
with an atmosphere at 23° C. and 50 per cent
relative humidity.
DISCUSSION
Although the calculated values for maximum
stress, SF, vary from 420 to 880 kilograms per
square centimeter, this range parallels strength
values found in the literature (5, 6) for other
keratinous materials such as horse hair, wool and
human hair. These values appear to be approxi-
mately 700 kilograms per square centimeter. The
keratins from fingernails have usually been sub-jected to considerable mechanical abuse and ex-
posed to both chemical and photodegradative
agents during growth and prior to clipping. These
variables would all tend to lower the intrinsic
strength of the specimens. A controlled experi-
ment would, of necessity, limit or prevent this
degradation. Moisture content is also effective in
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FJG. 1. Diagrammatic view of fingernail specimen undergoing flexure test
DEFLECTION (cm.)
FJG. 2. Typical load-deflection curve from a
fingernail specimen.
modifying the strength of fingernails. Flexural
tests on specimens stored under room conditions
for several weeks were found to yield much
higher maximum stresses than those conditioned at
23° C. and 50 per cent relative humidity. There
is probably general familiarity with the related
observation of the great flexibility of nails
thoroughly plasticized with water after laying
in warm soapy water. The calculated strains also
show considerable variation but are in good agree-
ment with results from other keratins. It would
appear that this procedure will provide a simple
means of procuring dependable strength data on
fingernails. Data from fiexural tests should also be
useful in studies of so—called "brittleness" in nails.
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TABLE I
Maximum fiexural stress and strain
in fingernails
Beam Dimensions
Sp, r,
Width, Thickness, kg/cm2 cm/cm
cm cm
200
2
Age Sex
50 M
32 F
57 M
35 M
21 M
33 M
38 F
3
4
5
0.1956
0.2045
0.1763
0. 1854
0.2169
0.2019
0. 1372
0. 1361
0. 1504
0. 1699
0. 1699
0.2052
0.1692
0.2222
0.0356
0. 0356
0. 0429
0.0437
0.0345
0.0437
0. 0452
0.0450
0.0566
0.0569
0.0513
0.0384
0.0295
0. 03300.025 0.050 0.075
6
420
550
880
710
630
530
490
470
720
560
530
670
580
660
0.112
0.098
0.114
0.112
0.090
0.082
0.114
0.138
0.113
0.125
0.111
0.095
0.076
0.085
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This condition is generally attributed to delamina-
tion of the nail (1, 2) and thus would significantly
affect the flexurol behavior.
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